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External Technology Sourcing in the US Construction Industl)'
Sr. vp, VP
An indication of the distribution of
interviewees' titles can be seen in this
chart showing groupings of similar titles.
Chmn,
CEO, Pres.
Director
4.4 Design of the interview
Figure 1 Title Distribution
The research employed the principles of the scientific method as described in Emory and
Cooper7, Kaplan8, and others. Since determining the nature and scope of the activity in
the industry is the primary objective, use of a highly-structured interview or survey format
was not appropriate. This "exploratory research" thus consisted of less structured
questions, all of which allowed free-form response from interviewees. Festinger9 defines
two types of exploratory studies, one "aimed at the discovery of variables rather than
relationships" and the other at the "discovery of relationships between variables." This
process should alhw reformulation of the preliminary hypotheses resulting from the
literature review as well as proposal of new hypotheses where desirable.
7 Emory, c., Cooper, D., Business Research Methods, Invin, 1976
8 Kaplan, A., The Conduct ofInquiry, Chandler Publishing, 1964
9 Festinger, L., Katz, D., Research Methods in the Behavioral Sciences, Holt, Rinehart and Winston, 1953
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Assumptions
Assumptions made from studying the practice of external technology sourcing as it is
described in the literature proved to be generally inapplicable when applied to the
construction field, though there were several exceptions. Most of the literature
concerning technology sourcing describes activities in higher-technology manufacturing
companies. The models to be drawn from this appear to differ somewhat from what
prevails in large segments of the construction industry because of the structure of the
industry, and the extreme conservatism prevalent. These initial assumptions about the
form of the technology sourcing model influenced the contents of the interview guide. A
sample of an early interview guide is found in the appendix.
For example, technology sourcing is often described in the literature as a multi-step, linear
process involving a varying cast of characters within the acquiring firm as the sourcing
process progresses. In general terms the steps are identified as determination of need,
identification of candidate technology, negotiation, acquisition, adaptation, diffusion.
(Though there are many opinions on the details of this.) With a few exceptions this was
more complex and formal than what was encountered in the construction industry.
Therefore the underlying structure of the guide was too complex for most interviewees,
resulting in awkwardness and wasted time.
In addition, the literature seemed to emphasize a technology "pull" model, in which
determination of need provided the impetus for the search process. While this assumption
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is probably well founded, there are examples of technology "push" from sources external
to the construction industry. Therefore, because of this complexity in technology
sourcing, the most productive interview technique was to prompt the interviewee with key
questions prior to the scheduled interview and let him or her address the issue as
appropriate for the company during the actual interview. A sample of the one-page
project description containing the prompting questions is inthe appendix.
Structure of interview
Common language
Prior work on the literature review phase of the investigation aided in establishing a
common language with the interviewees. As the interviewees typically had a great deal of
experience in their industry, this commonality of language was important in establishing
some degree of rapport, and aiding in understandirtg ofthe responses.
Interview guide
Initial
An interview guide developed from propositions extracted from the literature review was
prepared and tested at several nearby small companies. The testing revealed some
weaknesses that resulted in changes to the guide and interview methods.
Closed questions'
The initial interview guide had a number of closed questions' derived from propositions.
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This was an attempt to get answers comparable across multiple interviews. However, in
practice, the most common answer to these questions was similar to "it depends", or,
"sometimes". This led to abandoning any attempt to use this format, except in the rare
l
instance of an uncooperative or reticent interviewee.
Aided Recall
The initial interview guide had several lists ofjob functions or corporate relationships that
were used to prompt the interviewee in responding to questions like "Who has played a
key role in identifying the external technology -- and to what extent (none/somewhat
important/importanticritical)?" Usually the answer is .not so easily quantifiable. It was
soon apparent that verbal descriptions were clearer and of more value in understanding the
subject. This question format was dropped after onlya few interviews.
Refinement
Through the process of conducting interviews, it was possible to develop more of an
awareness of the suitability of the interview guide for its intended purpose. The
exploratory nature of these interviews allowed for changes and improvements in the
interview guide, based on experience with it. As a result, the initial long and complex
giillle was eliminated in favor of a simpler guide that more directly addressed the proposed
issues. Samples of both are located in the appendix.
13
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Time periods
No attempt was made to focus the attention of the interviewees to any particular time
period, but most interviewees tended to dwell on the most recent two or three years in
their responses to interview questions..
4.5 Participation by subjects
~
Following up the introductory letter with the chief executive usually resulted in a referral
to an appropriate individual in the company. On some occasions it was necessary to
discuss the purpose of the research and to describe the characteristics of the optimum
interviewee with the chief executive or a representative before the referral was made.
Data on the success rate of interview requests follows:
Table 2 Interview Participation
Number of firms interviewed 28
Declined to participate 5
Unable to schedule with interviewee 6
Of those with whom interviews were not possible, the cause was most often unavailability.
The interviewees tend to have senior management responsibilities and as a result have
limited time available. Also, travel is common for these individuals so time in their office
is limit~d and usually fully accounted for. At least ten attempts were made to schedule
time with each interviewee.
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Conduct of the interview
Most interviews took place by telephone at a scheduled time chosen by the interviewee.
Several interviewees chose to add one or more participants to the discussion. An average
interview took about 40 minutes, with a minimum of 10 minutes for firms who had little to
contribute, to as much as two hours for several firms that were actively involved in ETS
and who were willing to discuss it at length. Ordinarily, discussion of the research project
and ATLSS occupied from five to ten minutes at the start of the interview. This was
followed by the interviewee addressing the issues in the project overview and focus
questions (from theone-page project description) in whatever order seemed appropriate
to the interviewee. The interviewet asked pointed questions as necessary to clarify the'
answers.
4.6 Data analysis
Using the data analysis worksheet (a sample is in the appendix) the interview notes were
consolidated along the lines of the research questions. Comments, examples and other
information that did not fit the research questions were moted in the 'comments' block.'
This allowed comparison of like topics across all firms interviewed and facilitated ranking
of the results. No attempt was made at statistical analysis because of the free-form nature
of the responses!
5. OBSERVATIONS
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The discussion in this section is drawn primarily from the results of 26 10 full interviews,
some of which had multiple participants. These firms ra~ged widely in size and specialty,
and appear to be a reasonably representative sample of this diverse industry.
One limitation of the methodology used is that the interview process captured the opinions
of usually only one or two people. Even though most of the interviewees were
knowledgeable in the area of interest, they sometimes represented only one of several
business units (or locations), or represented corporate level activity and not business unit
activity. This raises the possibility that others within the same firm may hold differing
points ofview or opinions about the firm's activities or policies. In the instances where
more than one individual contributed to this project, disagreement among multiple
interviewees did not appear. However, experience within the firms did vary among
individuals and their answers reflected the area of their expertise. Therefore, the
information obtained in some cases may relate to only a part of the firm's total business
activity.
In addition, each interview tended to be somewhat unique in subject order and content,
reflecting the individual's own reaction to the purpose and intent of the study. Every
attempt was made to explore the same basic questions shownelse~here in this report;
however, each respondent had his or her ow~ viewpoint on the company's goals; policies,
10 Two companies gave brief interviews that yielded only the information that they did not engage in R&D
or ETS. These responses were incomplete and have been excluded from further discussion.
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and practices, in addition to the fundam~ntal differences that existed among companies. It
is therefore difficult to compare all issues across all companies.
5.1 Some success stories
• A large EPC firm is participating in a joint development project sponsored by the
Civil Engineering Research Foundation. The technology d~veloper, a small startup
company, is working on laser surveying technology that employs direct data
transfer from field measurements to a 3D CAD system. A large electronics
company and a high-end CAD vendor are involved as w~ll, but the EPC firm is the
intended user.
• Statistical modeling of discrete events in the process industries can reduce risk in
new process facilities. An engineering firm that specializes in design and
construction of these plants licensed software that simulates their process designs
for use in the paper industry. Tris resulted in reduced risk for the client and, as a
competitive factor, enhanced and differentiated their capability from other
engineering firms. Following the first successful application of the technology, the
firm has applied the same techniques to other similar problems in process
scheduling: pulp/paper mills, semiconductor manufacturing, a resort
--
(housekeeping), and other types of manufacturing and service facilities.
• A firm's project integrators used structured decomposition (from the field of
Information Science) of their customer's business plan to design a world-class
17
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facility from the ground up. Technologies included extensive computer
networking
• A large EPC firm is working with a well-known aerospace firm on space station
construction technology at a major research university. The firm believes that the
capabilities acquired from the partnership will enhance its ability to compete for
similar work in the future. -
• A large EPC firm is participating in the Advanced Composites Materials
Consortium. Partners include firms that develop and produce materials not
previously used in construction. Its first project was an advanced composite
bridge over 1-5 in La Jolla, CA. The expected outcome of the consortium's
experience is improved ability to design and build structures.in high-seismic areas.
• A large EPC firm that designs and builds boilers determined that high temperature
boiler tubes were one of their next key technological challenges,. While attending
a presentation on an~erospace company's capabilities, representatives of the
company found a material that provides competitive advantages for their design
compared to other firms' designs, The connection between the materials and the
boiler application occurred by chance meeting of one company's available
technology with the receptive technical staff of the other company,
{
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• A large firm specializing in the energy field is considering acquiring a firm that
/
designs and manufactures fuel cells for experimentation In distributed power
generation, anticipating possible changes in power industry needs and capabilities
• A technology "push" by a major government lab to a major EPe firm provided a
catalyst for reducing S02 to S2 in one step by a completely new process, resulting
in reduced process cost, and waste. This has become a significant addition to the
firms process technology capabilities, and a significant competitive advantage for
their constructed product. .
• A new system grinds coal to the micron size range while consuming only a fraction
of the power of earlier systems. The technology had been undeveloped because
the supplier firm ran out of money. The acquiring EPe firm took an equity
position in the supplier allowing them to complete the design and provide the
capability. Advantages of the new technology include improved efficiency and
. .
lower emissions.
• A large EPe firm found and licensed a technology from a firm in a former Soviet
Republic for converting H2S to salable forms of sulfur with improved efficiency.
. \
Earlier technology was able to convert about 95%, while the new technology can
I
convert 99% -- a reduction in waste generation of 80% -- improving the
performance of the facilities the firm designs and the firm's competitiveness.
19
External Technology Sourcing in the US Construction Industry,!
• A large EPC firm adapted a German technology used in ammonia plants for use in
natural gas industry, lowering costs and raising efficiency.
5.2 Patterns in external technology sourcing
Types of companies
The participating firms were classified as follows:
Table 3 Firm Classification
3 Engineer (Architect)
14 Engineer-(Procurement-)Contractor
8 Construction Manager or Contractor
3 Suppliers
28 Total
These classifications are partly an approximation beca~se of the diversity of activity that
"
takes place in the firms. In addition, Engineering.and Engineer-Architect firms have been
classified together as have EC and EPC finns and CM and contractors because ofthe
similarity of their characteristics for the purposes of this investigation. It is noteworthy
that most of the firms describe themselves using the term 'Engineer , , .', acknowledging
some role of technology in their business.
Public financial information is available for only about half of these finns, making
c1assificl:ltion by sales volume impossible. The ENR data assist in this, however
information is not available there for all firms.
20
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Figure 2 Top 200 construction firms Industry Rank
By ranking the industry's top 200 firms ("contractors" ranked by ENR in terms of new
s
contract dollar value11 -- the participating firms are indicated in the front row of the graph)
in descending order of size as in this graph, a clear picture of industry size distribution
emerges. Twenty-nine firms achieved above $lB in new contracts. Considering that this
graph uses a logarithmic scale12 on the vertical axis with firms ordered and linearly spaced
along the horizontal axis, it is obvious that the construction industry is dominated by a .
small minority of very large firms. These are the firms that tend to engage in EPC (also
known as design-build) activities. Under the $lB line the indication of firm size tends to
flatten suggesting the increasing degree of industry fragmentation within this size grouping
of firms.
11 Data from ENR, 24 May 1993 for calendar year 1992.
,
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Firm strategy appears to bear some relationship to size as well. Information from the
interviews indicated that the larger firms (those on the steeper portion of the curve to the
'.
left) tend to offer and compete on differentiated products and specialty services, while the
relatively smaller firms (located on the flatter portion of the curve to the right) tend to
compete more on price, with less differentiated products and services. Consequently, the
larger finns have more of an incentive to apply new technology to differentiate themselves
and more of an incentive to fund new technology because of their less competitive (and
presumably more profitable) environment. Increased fragmentation and competition also
suggests that the firms toward the right of this graph would tend to focus any new
technology in the area of process improvements. This will be discussed later.
Product versus process technologies
Many respondents expressed concern about introducing new technology into the
constructed product. Several reasons were given, the most common of which were:
• Risk aversion -- unless the technology had been proven in constructed products,
particularly those involving public safety issues, many believed the risks were not
worth the benefits of gaining acceptance.
• Industry structure -- in the CM and contractor firms, responsibility for the product
passes down through a hierarchy beginning with the architect then continuing
12 Logarithmic scales tend to make differences in value from point to point(a~ar more compressed. This
degree of curvature with a log scale suggests that there are might be two di~tinct1y different industry
segments that overlap in the 30 to 50rank.'
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through structural engineer and the contractor or construction manager. There is
little incentive for entities lower in the hierarchy to press for changes to the
product because of the lines of responsibility. On the other hand, there is little
,
incentive for the architect to search for or incorporate new technology unless the
owner l3 demands it. Larger EPC firms have different products and a different
sttucture of responsibility, so this effect is less visible in their segment of the
market.
One Engineering!Architectural firm expressed its view on product and process risk:
"New technology risk is afactor. More risk is acceptable in processes than
product. We like to see a twenty or thirty year history [in product technology]. "
Tllis firm expends more effort in creating or finding new technology for its construction
and management processes than it does for the product it designs. The 'history'
requirement refers to components specified-for the company's constructed product,
typifYing the overall feeling of conservatism in the industry. New process technology is far
more likely to be considered for acquisition, especially in the CM ~rid Contractor firms.
Many firms mentioned improvements in information management, construction
techniques, project management, and other potentially cost saving process technologies.
These carry far less inherent risk to the firm than product technologies, thus the higher
13 The term "owner" is in common usage in the industry as an alternative to client, customer, etc. This
paper preserves that usage where appropriate.
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level of interest. In comparison to product technologies, process technologies by their
nature might be managed by a different constituency in the firm, leading to questions .about
/'
whether the identification and adoption activities of process and product technologies may
differ.
Why firms consider external technology sourcing
Technology and competitiveness
In exploring ETS it is useful first to understand why companies need technology and the
relationship between technology and competitiveness in this industry. Three positions
.)
concerning this issue were forthcoming from the participating firms:
• "Technology is not an advantage for us. ",
• "It sdifficult to make an assessment of technology sposition on the hierarchy of
competitive factors. "
• "Because [technology isJ the only way to sustain a competitive advantage. "
Surprisingly, these divergent opinions did not fall into neatly divisible categories. Several
'engineering' companies expressed the first opinion, but the majority voted with the latfer
opinion. One respondent summed up the first opinion as:
"The industry is too fragmented to get any benefit from R&D, there sno
conlpetitive advantage. ,,- - ---
This feeling about fragmentation was echoed almost verbatim by other respondents, none
ofwhom are employed by companies that do engineering or R&D. All of the firms
. expressing this opinion fell in the lower half of the firm size continuum in this study, and
24
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tended to derive more of their revenue from general building, construction management,
and contracting.
The conclusion therefore is that EA and EPC firms tend to --
• have control over their product from specification and design (the top of the
responsibility hierarchy) through construction, therefore
.....
• have more freedom to implement technological advancements' in the finished
product, thus
• have more ability to differentiate themselves through technologically-driven
features of their proQucts.
Construction managers and contractors do not have as great an ability to influence the
design of the product to the same degree and therefore-pEice less-emphasis on pioauct
technology. Both types of firms expressed an interest in process improvements through
improved technology. Process improvement through ETS appears more likely to occur in
the EPC firms than in other types of firms because EPCs already have infrastructure to
support product technology. The CM types of firms had to justify technology acquisition
or development almost exclusively on the basis,of process improvement.
Internally-developed technology
-----,~-------------
---------
One ofthe key issues inE~whether the firm has an R&D or equivalent capability. Of
the twenty-eight firms, twenty did and eight did not, using the broad definition ofR&D in
section 3.3.
25
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There is a definitional problem in using the term R&D Many view R&D as scientists in
lab jackets, while others take a more broad-based approach and include 'engineering' as
part of the D(evelopment) process. The engineering firms had the most difficulty in
classifYing their engineering efforts because, as one individual put it,
"R&D and engineering are different things. Engineering is nuts and
bolts, some independent development, some implementing proven
technology. We have 500 engineers and designers -- they create drml'ings
and service clients executing projects. 1t~· not real R&D. "
For this project, this answer was interpreted as 'yes', because, presumably, this staff could
be used to develop and implement a new technology if needed.
For those firms that engage in R&D, the scope and size of the activities varied widely,
from a low of four Qeople to ~undreds in several the responding firms. Many aim their
R&D at specific targets such as:
• Reduce costs of services to customers
• Optimize product design to reduce cost
e Understand safety factors better for reduced cost
• Design better project management software
• Design systems to customer requirements
These are typical of the Engineering firms that sell services. R&D activities tend to be
directed toward specific client projects or proposals for these firms. The engineering staff
is usually positioned in an "operating company or business unit. A few of the very large
firms engage in more speculative or more basic non-project-specific R&D. These may
26
External Technology Sourcing in the US Construction Industry
have R&D capability in business units in addition to a corporate R&D center. Without
exception, the corporate R&D centers in the firms studied have embarked on some sort of
ETS activity. As one R&D director put it,
"We try to develop from within, but it sbecoming obvious that we can ~ do
everything ourselves. "
As part of its 5-year plan, one large EC firm has a technology strategy that includes details
of the technology to be acquired and the skills needed to acquire it. Corporate
development (including marketing and strategy) has the most input to the plan, with
additional input from "Technical Directors" and geographic regional managers.
Nature and structure of the effort
~ow technology is acquired
Technology acquisition appears to occur in several ways: licensing, hiring new employees
or consultants, participating in joint ventures or consortia, purchasing a technological
product from a supplier, or acquiring outright the firm owning the technology.
Acquisitions of technology-owning firms
Acquisitions of smaller firms to obtain needed technology capability are common among
the very large firms participating in this investigation. Five of the firms interviewed
indicated having done this within the recent past (other firms reported acquisitions, but not
for technology acquisition reasons). It appears that technology acquisitions have been
made for a variety of motivations, including long-term strategy, immediate application to
27
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customer needs, to enhance the range of services offered, or to lower costs. It is arguable
whether some of these acquisitions could be classified as external technology since the
acquired firm could sometimes be considered at the periphery of the construction industry.
An example of this is a large EPC firm's acquisition of a European company specializing in
remote control ocean floor operations. This brought new capability to the company's
drilling rigs that are designed for operation in depths measured in miles.
Joint ventures
Five interviewees mentioned joint ventures as technology acquisition mechanisms. In each
case they were large EPC firms with extensive engineering capability. One joint venture in
particular stands out as a dramatic example of the acquisition of unusual technology: The
EPC firm took an equity position in a startup biotechnology company with the intention of
extending the firm's capabilities (in waste treatment, for example) through joint projects.
Having accomplished several joint projects, this effort was deemed successful by the
company, but was terminated amicably~after several years. Another firm is engaged in a
joint venture in Europe in the Maglev transportation technology along with two other US
(non-construction) firms. This project has received funding from the US government to
explore US applications.
Licensing
Two firms mentioned licensing as a technology mechanism. The larger of the two firms
28
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indicated that they had also engaged in cross-licensing of their own technology One firm
mentioned relationships with both customers and competitors for licensing possibilities.
·lndividual expertise
One large firm with a significant R&D capability noted that they had what they termed a
"Critical Technology Fellow" on a temporary leave of absence working at a major think
tank. The purpose of this was to have the individual exchange information with
counterparts in other fields and eventually to return with the benefit of extra-industry
contacts.
6
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Figure 4 Reported ETS Sources
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Figure 3 Reported ETS Mechanisms
these charts. Of the five firms that did
not engage in engineering or R&D,
The data for these charts is drawn from
the responses of23 E(P)C, E(A), and
eM firms. Of those, 18 reported some
sort of engineering or R&D activity and
of those, six reported having formal
ETS programs. Of the potential
technology sources or mechanisms, the
six firms that reported having formal
ETS activity indicated their use of the
sources and mechanisms as indicated in
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none reported any technology acquisition, supporting the assumption mentioned earlier
about internal R&D capability being a prerequisite for technology acquisition. One has to
-
exercise some caution in interpreting this data because, as was mentioned earlier, the
interview was with usually one or two individuals in some very large firms, and the
possibility exists that the one individual may not be aware of all instances of company
activities involved in technology sourcing. It is noteworthy that the ETS activity was
found in EPC types of firms and not in construction manager or contractor types of firms.
What is involved in the process
A successful ETS effort consists of several generally accepted identifiable steps. They can
be summarized for the 'pull' model of sourcing as 1) Determine need, 2) Identify
technology alternatives, 3) Evaluate, 4) Acquire, 5) Transfer/Adapt, and 6) Deploy. The
less common 'push' model essentially replaces steps 1 and 2 with contact initiated by the
technology supplier. Within each of these there are sub tasks that vary with the firm's
policies and with the project at hand.
""Need determination
Out of all the possible reasons why a firm could want to enhance its tec~hnology base, a
few essentially similar reasons appeared with some regularity. These reasons centered
around --
• strategic issues like enhancing depth or range of capability,
• meeting customer performance requirements,
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• reducing costs, or
• reducing time in process.
A frequent comment heard among tthe engineering firms in particular is that clients are the
driving force behind deJYland for new or different technology. A typical comment from a
large EA firm:
,
'-
"We had to build expertise in certain technology areas we believed to be
critical to future growth. We hired the expertise. The ... project
[involving a new design technology} was pulled into the company by
customer demand. "
A large EPC firm acknowledged the role of clients in driving technology acquisitions and
added the importance of top level strategy to the picture:
"Relationships come about from the boltom up as needs dictate, or from
the top down according to their strategic objectives. "
Emphasizing strategy, this same firm later added:
"The business units identify their strategic objectives. If they involve
technology, they will develop it themselves, have the cOlporate Technology
Center involved, or bring it in as appropriate. "
One EA firm believes that clients still put primary importance on the cost of the end
product:
"Technologies are developed or acquired that help to build something.
There is no real distinction between product alldprocess, the client buys
the ·whole package. "
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Reducing design time is an important driver in technology acquisition according to this
industry supplier that has made several successful technology acquisitions:
"Time to market is critical: you have only so much. This drives
partnering and acquisitions. "
In some situations, customer requirements for increased performance require a slightly
different approach to sourcing technology:
"We have worked with standards groups informulating new standards for
emerging technologies, low noise electrical systems, for example, in the
semiconductor industry. "
Identification
Scanning
About half the fir~s that have R&D capability reported some degree of technology
scanning activity, most commonly reading technical magazines and journals, and most of
these would probably be considered construction-industry specific. Two comments were
made regarding technical journals' lack of 'real world' applicability. None of those
interviewed performed scanning formally, nor did they dedicate resources to it. None
mentioned using knowledge bases or information retrieval services. In spite of this broad
trend, several interviewees commented that most external technology in their firm was
identified by only one or two individuals within their firms who. had wide-ranging interests
and read a wide range of publications.
32
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Outside services
Even though firms offering ETS services from scanning to acquisition assistance have been
in existence for a number of years, no interviewee mentioned the use of such a service.
Most were unaware that such services existed.
Academic relationships
Several firms reported academic relationships, although some of those commented on the
'impracticality' of academics. Of the firms that reported academic relationships, they most
often described the relationship as existing for solving specific problems.
Evaluation
Firms with formal ETS programs mentioned a number of factors that they considered as
part of the process of evaluating acquirable technology:
• Who evaluates the technology
• Strategic fit
• Diffusion into the organization
e Cost and financing
• Tax implications
• Legal implications
,. S~fety
,
• Insurance
33
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All of these firms expressed concern about acceptance within the firm of the acquired
technology This concern was reflected in the personnel selected to evaluate the
acquisition and in how the evaluators sought out the counsel of others in the' firm. In one
instance, the firm brought together its twelve experts in the field (crane rigging) to
perform the evaluation and, later, the development. In most of this firm's instances of
technology acquisition, evaluations are conducted by committees formed of high level
executives, and include a range of expertise relevant to the above list of factors.
All the firms viewed evaluation as the critical link in the ETS process. There was some
variation in the makeup of the committees among the firms, principally because of the
organizational structure of the firm itself In all cases it appears the difference could be
ascribed to the firm's philosophy of centralized R&D versus product~line or busiiiessiiniC
R&D.
One firm's technology committee had a formal charter:
"To promote and enhance application of technology to our company and
business."
Tl?is individual went on to say:
"Line operations appoint representatives. The members are accountable,
but they're not empowered to commit the line operations. They're usually
senior people who are plugged into both strategy and technology. The
committee also includes legal, financial, and tax specialists. Tax strategy
is important, especially in joint ventures or capital expenditures. "
The significance of this comment lies in the importance that the firm places on the
technology sourcing process and the way the committee membership encompasses a wide
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variety of disciplines. Several other firms described similar committees that performed
similar functions. Differences revolved around the representation on the committee and
the degree of authority given to the members In all cases the committees seem to be
designed to assure consensus and early buy-in on technology acquisitions.
Acquisition, Transfer, and Adaptation
There was little information on the acquisition practices of any of the firms contacted. It
appears that there is little activity on the part of the technologists in this phase.
There are however two distinctly different aspects of acquisition -- the financial and legal
arrangements that make the transfer possible, and the technology transfer itself Most of
-the respondents focused on the former, with only one exception. One individual in an
industry supplier firm cited the engineering staff as playing the key role in the technology
transfer itself This suggests that more attention might profitably be directed toward the
technology transfer part ofETS. It also suggests that the higher ranking employees
interviewed for this project might not consider technology transfer a critical part ofETS.
It further appears possible that none of the firms interviewed have formal policies and
procedures for transferring acquired technology. This issue might bear further
investigation.
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Adaptation of externally acquired technology seems to progress along the same lines as
any other development project for these firms. One individual who had extensive
experience in technology acquisition commented,
"Design engineers want to design. It 't tough to convince your engineers
that an acquisition isfor their benefit. .. Technology from other industries
that an engineer can put [his/herJown stamp on is the best. "
This individual has acknowledged that the 'Not Invented Here' syndrome is a factor in
technology acquisition in his firm.
Deployment
The lines between deployment of externally-sourced technology and internally developed
technology are indistinct, if not completely unidentifiable, with the possible exception of _
'NIH' effects. Means of deployment, of course, have a dependency on the means by
which the technology was acquired and, in the case of licensed technology, for what
purpose it was licensed.
Two components of technology transfer
At the risk of oversimplifying a potentially complex issue, technology transfer has two
main components, transfer from the external source and transfer (diffusion or
internalization) within the acquiring firm. Of those reporting having made acquisitions, the
means oftransfer was almost as varied as the technology acquired. The most common
element was the use of experienced personnel (as opposed to new or recent hires, for
\
example) to transfer the technology. Other means reported included drawings, licenses,
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databases, acquiring the entire company (and people to transfer the technology), and so
on. Furthermore, the notion of transfer becomes blurred when attempting to pin down
transferring the technology from outside versus transferri·ng it inside. Does, for example,
the firm transfer it directly from the source to the user, or does the technology go through
an intermediate development step. This issue was mentioned only in passing by two
respondents.
Intra-firm technology transfer
All the firms that had formal ETS programs had some means to build support for the
acquired technology once it was brought into the firm, including the transfer of the
technology to the developer or user. This was usually accomplished by involving
\ representatives of the R&D group or the busines~ unit, or both, as part of,the acquisition
team. In all cases, the users or developers had 'signed on' to the acquisition before
consummating the deaL
Internal technology transfer
Several firms provided examples of their efforts in internal technology transfer, and
technology database development Four of the firms reported ongoing projects in the
technology database area (that in itself required external technology to achieve). The
internal technology diffusing publications were professio"nal, large scale efforts intended to
maximize the awareness and availability of technical information among the large numbers
ofoffices and people in these very large firms.
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Who participates
The type or level of employee who participates in ETS varies according to the current
state of the sourcing activity, whether the technology is being pulled or pushed into the
firm, ~nd whether the acquisition is being performed by a dedicated technology sourcing
group. Except for those firms with dedicated ETS groups, most firms reported that
technology sourcing activity was the domain of senior managers. The dedicated ETS
groups were split evenly between being composed exclusively of senior management, or
composed of a mixture of experience levels, disciplines, degrees, and industry experience.
Both types reportedly functioned well.
Personnel assignments appear to be influenced in some firms because of the accounting
policies the firm employs. Several interviewees commented that internal d~velopment
projects are difficult to finance because little or no discretionary funding is available -- all
, 1\
employees, except for senior managers have to charge their time to specific client-funded
jobs or projects.
Resource allocation to ETS
There was little quantifiable data on level of resource expenditure. Most of those engaged
in some form ofETS commented along the lines of 'w~atever is 'necessary'. Ofth~se
firms having dedicated ETS activities, the staff consisted of less than ten people. More
cOffiffi011ly,the-leveLof-eft'orLandJesource_expenditu[e_yarkd_withJhe taskat hand.
r-
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Three respondents mentioned availability of discretionary funding as an incentive to
explore ETS. On the other hand, even more respondents cited lack of discretionary
funding as a serious inhibitor. The most common factor in the funding issue was the
degree of competition in the industry and the low profit margins that accompanied it.
Interestingly, the ·firms that were able to provide discretionary funds were also apparently
the most advanced in their use of technology as a competitive advantage. Unfortunately,
because of the absence of publicly avail~bleiinancial data on many of these firms, absolute
comparisons of performance are difficult.
.Only one firm reported the scale of its ETS effort: $ IMillion per year with a staff of
seven. Of those others having formal programs, the funding was considered part of the
general R&D effort and not broken out separately.
Organization structure effects
The assumption that internal R&D is a feature of companies that engage in ETS appears
to be correct. In no case did a company without its own R&D capability mention any
experience with, or previous interest in, ETS.
Most firms having formal ETS activities have articulated a structure in which the activity
takes place. In most cases there is an executive level committee that oversees the effort.
One firm commented:
I
"The company has established a 'Project Development / Financing /
Technology committee reporting to the chairman. The strategic planning
process has a key component that identifies technology and how it fits into
each business unit strategy. If the technology is broader than immediately
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/
applicab!e the commillee determines the course ojaction. Une operations
do not have budgetsjor long-term projects. The on!y way to acquire
tec}1I1o!ogy under those circumstances is to invest cOlporate resources.
Thos~..units send their requests to the commillee jorjunding. "
Another individual commented on the difficulty inherent in the business-unit structure and
the requirements for profit performance placed on the unit managers as exerting an
inhibiting effect on exploration for new and potentially riskier technology. The thrust .of
his comment was that this results in building on what you already know with incremental
improvements, especially in processes.
The evidence indicates that the firms that have progressed farthest in ETS are those with
central R&D facilities or a corporate level ETS committee or group, relieved of the
responsibility of day-to-day profitability pressures. These groups appear to focus on more
strategically-oriented technology. One individual commented that ROI on some of these
efforts is evaluated "qualitatively".
One large EPC firm has developed an interesting structure for its ETS effort. The focus of
the ETS effort is at the corporate level with a staff of seven, only five of which are
permanently assigned. The remaining two members are rotated into the organization to
support ETS activity for a particular project, and then used as a means to assist in
technology transfer back to the operating units.
Cost of capital and the tendency of US firms to set short payback times or high hurdle
rates was cited by several interviewees as hindering ETS activities.
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Sources
The participants mentioned a number of sources they have found productive for ETS
National Labs
Sandia and Lawrence Livermore national laboratories were explicitly mentioned. Of those
who had attempted to utilize them, there was a general feeling of dissatisfaction with the
usefulness of the national labs, with,only a few exceptions where successful programs had
been accomplished. No one reported any ongoing formal relationship with a national lab.
Academic
Most of the activity with academic technology sources was in the form of individual
professors consulting on well-defined problems. No one reported any formal relationship
with an academic source, exc~pt for a small number ot firms that (co)sponsor research
facilities at one or more universities. No one reported any major technology acquisition
from a university source.
Foreign sources
Several respondents mentioned the republics of the former Soviet Union as being fertile
resources for new or unusual technology. One individual believes so strongly in the value
of this resource that he is studying the Russian language. One reason offered'for the range
and depth of technology in this region is that the Soviet Union did not communicate
technological developments freely. Language, restricted circulation ofjournals, the
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reluctance to publish, and the virtual absence of trade publications led to developments
going unnoticed in the West. With the lowering of the barriers to technology transfer, and
the high demand for western currency, companies with the resources to take advantage of
this opportunity believe they can realize substantial benefits.
Also: technological emphasis seems to have some variation from nation to nation. The
EU, for example has developed far more advanced rail technology than that in the US.
One respondent reported that his company is taking advantage of developments in linear
motors originally developed for rail applications for a completely different application in
his firm: It appears that the level of activity in foreign sourcing is growing and worthy of
further investigation.
Suppliers.
The supplier's role inproviding new technology is often to solve a specific problem
~ithout necessarily adding to the individual firm's core technological capabilities. For
example, a large general building contractor encountered a problem in building an airline
terminal incorporating large amounts of heat-reflective fenestration having the potential to
interfere with pilot's visibility. The solution to the trade-off ofh~at transmission and
reflectivity of the glass panels used in the structure required an innovative design of the
glass coating by the glass supplier. This resulted in a new option in the design of airport
structures.
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In situations of this type, innovative suppliers add to the technological resources of the
industry without creating a new differentiated capability for anyone firm in the industry.
About half of the firms mentioned innovative suppliers as valuable sources of technology,
yet none of them cited suppliers as providing an exclusive or proprietary advant~ge.
Computer technology
Computer technology in information management and design automation appears to be a
special case of supplier-sourced technology. More than half of the firms singled out the
computer or software industry as having a significant impact on the conduct of their
business, both in product and process design (CAD/CAE) applications and in business or
project management. Several firms have deployed local-area networking in their
constructed products; one firm cited networking as a differentiating feature of their
product. . Others have used local- and wide-area networks with on-site portable PCs to
assist in site management activities in their project management role. Interestingly, the
acquisition of computer technology does not seem to fit the mold of other technology
acquisitions for any of the firms in that it was more likely acquired incrementally and was.
1
managed at levels in the firm below senior executives. Yet computer technology, induding
~
databases, communications, and design aids was the most frequently mentioned acquired
technology, and its usage cut across all types of firms.
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technology but believe they are financially unable to devote the necessary resources in
time or staff to any concerted effort.
One individual in an EA firm lamented,
"A key issue is the resistance to change by traditional thinkers employed
by 0/11' clients. "
6. CONCLUSIONS'
ETS has taken its place alongside internal R&D at larger engineering-capable firms in the
construction industry. The largest firms (all EPC) have demonstrated the importance of
technology to their strategy, and have formalized the resources to develop their
competencies in this area. They compete on differentiated capabilities, so technology that
aids their ability to differentiate themselves is important and valuable. They have the
design responsibility that enables them to define new technologies and implement them in
their products. Most of these large firms have developed market leadership-in one or
more highly specialized products. The firms that have these characteristics are among the
largest 25 in the industry. From an economic standpoint, the large (EPC) firms have come
to realize that even they can not do everything themselves and thus have become
increasingly active in searching for opportunities outside their own wall~.
I~~-\ -
The next categorypf firm tends to be smaller in size (in terms of annual revenue) than the
~, -
EPC firms and is composed ofcontractors and construction managers who build or
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Appendix 8 Early Interview Guide
For each source of technology, how many hours per year would that person(s) be
expected to spend on acquiring technology for your firm')
Of the sources you've indicated, which has been the most valuable in a~quiring
technology?
How long has this source been involved with your firm in technology searching?
Of the sources you've identified, what resources does your company provide to support
their efforts?
Characterize the degree of experience in construction of theperson(s) involved in
technology searching Little / Some / VelY E.xperienced / Industry Leader
Characterize the educational level of the person(s) involved in technology searching C)_~
Trade training / HS / Bachelor / Master / Ph.D. (
Subjects of study
For t~chnology adopted from outside the construction industry, indicate the degree of
involvement top management usually has in the adoption process:
None / Somewhat Involved / VelY Involved / Required Input
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For changes in technology coming from sources outside the construction industry, rate the
contribution of each of these agents who may have been involved in implementin~ the
technology:
None COlllributed
Somewhat
Important
Contribution
Essential
Role
Dedicated Technology Sourcing
Person(s)
Company Executive(s)
Outside Technology Sourcing
Agent(s)
Government labs
University labs
Technology transfer specialists
New Hire(s)
Your employee(s) \
Contract Technical Personnel ~
Front Line Personnel
Internal R&D Personnel //
\Other ~-
bQn't Know
C
Thinking of occasions when technology originating from sources outside your firm has
been successfully implemented, in what phase ofyour business was it used, and what
degree of benefits has your firm realized in, for example:
Product (example: a new environmental management system derived from work
on the space shuttle allowed us to design a building that consumed 35% less
energy with 25% better air exchange)
Process (example: an advance in low temperature operation of?? allowed us to /
extend our available work time above the Arctic circle by x months)
Management (example: better scheduling through project management cut our
costs x percent)
Other (specifY)
Does your firm search for technology in response to specific needs or as a normal part of
doing b\1siness?
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Have you ever encountered a situation where a barrier to acquiring or implementing
externally sourced technology has prevented making use of the technology?
What was the nature of the barrier, for example,
financial/legal/regulatory/environmental/risk unknown or unacceptable, other.
In your opinion, how would you describe, in quantitative terms if possible, the
effectiveness of the ,technology sourcing effort within your firm?
What if any impact do standards compliance and the regulatory environment in which you
work affect your willingness to adopt new technology?
Do you have any other observations on innovation or technology acquisition?
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Primar)' services
annual S amount
new awards
Foreign
business,
percentage in
each segment
Number
permanent
employees in
each segment
Most imllortant
to your I
company's
future
Construction
Commercial
industrial
residential
utilities
other
,
Government
streets/roads
water/sewer
buildings
- ~ __oJRer
-- -----
----
----_ ... _--
-------
-- ---
--
-----
Construction
Management
r
Architecture,
Engineering
Supplier
other
-----'--..../
B-9
Appendix C One-Page Project Description
Introduction
Lehigh's Center for Advanced Technology in Large Structural Systems is supported by
sponsors in the construction industry and by the National Science Foundation. Its charter
includes research in certain technology-oriented phases of the construction industry,
particularly in areas of advancing competitiveness through technology. As part of that
research program, we are conducting exploratory research into industry practices and
experience in identifying and acquiring technology.
The construction industry is unusually dependent on sources of technology outside the
industry (external technology) because of historically low average levels of investment in
internal R&D. This implies both an opportunity (to acquire innovative technology) and a
I
/
. threat (if competitors dC? a better job). One .ofthe key underlying assumptions of this
research is that improvements in technological capability enhance construction industry
competitiveness, both domestically and internationally. This competitiveness issue has an
added dimension of complexity and interest when international activities. are considered.
This project seeks to investigate those factors and issues that affect the level of activity
and success in acquiring external technology.
Issues under investigation
In the most general terms; the following list suggests the types of issues our research
. .group 1S pursumg.
\.
• What kind and amount of effort is going into sourcing external technology?
C-l

Company Scale
Interviewee
Do you have R&D
What kind and amount of effort is going
into sourcing external technology
What are the nature of the activities
What factors entered iato the
identification, acquisition, and - _._-
development phases
Has a source outside the U.S. been
considered as a technology source
What resources do you dedicate to this
kind of effort (amount, travel,
communication)
Ifyour firm has successfully used ~
external technology, how did you diffuse IQ
.. te-it~-use,ete. _._-, ,-...
w
Where in the organization does the ; O'l
sourcin,g effort(s) fall co
-./ 0...
Describe the people engaged in the
effort (skills, education, experience,
rank etc.)
How does your organizational structure
support (or hinder) these efforts
What sources of external technology
seem to be the most fruitful '.
What is the effectiveness of the effort:
-
benefits, overall effectiveness of the
program
Comments
Anecdotes of external technology
sourcin,g
r
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It is not clear from the data whether the
BRB included research carried out in US
universities in these figures, although a
Table 2 Selected R&D
Investment Levels9
significant portion of that is federally Percent Sales
funded and thus would be included in the ,__..:I;;;,;n~d.:.;;,us;;,;:t;;:."ry,,--__---:.i:.:.n..;;R,;,;;&;;;.D;;;;,...._
Oil service, supply
$220M figure. For comparison, the BRB Automotive
study considers several selected mature Appliances
Paper
industries and compares their R&D levels
Containers
to that of construction with these results. Food and beverage
Even though these data are from 1984 (and Textiles and apparel
Fuel
difficult to reconstruct or estimate) they
indicate that the industry as a whole is
Steel
Tobacco
2.9
1.7
1.4
1.0
0.9
0.9
0.8
0.7
0.5
0.4
I Constructionw' 0.4
trailing other mature iindustries in _
investment in i~e. If one accepts the linkage betweeninvestment in technology and
competitive advantage, the implications for international competitiveness are predictable.
The level of government support for R&D in the construction industry does not compare
favorably with other R&D expenditures. In comparison to other expenditures by the
Federal Government, the $220M is virtually invisible. Using figures for 1984, defense
R&D totaled $29.3B, health-related $4.8B, and transportation $1B. The only R&D area
9 Source: Construction Productivity, National Academy Press, 1986
10 $1.2B of R&D investment on $312B annual sales in 1984, the most recent figures available.
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mentioned in the study comparable to construction is Education/Training/Employment/
••
Social Services at $200M Interestingly, the report cites comments by government and
trade groups in several foreign countries decrying the lack of construction investment in
much the same manner as in the US. The only notable exception to the pattern oflow
investment is in Japan where large expenditures in construction R&D are reported every
year.
4.3.2 The Japanese special case
The Japanese construction industry stands apart from the rest of the world in the level of
their R&D expenditures. The NRC report comments:
"The fact that several large Japanese construction firms invest large sums of
money in R&D, whereas their US counterparts spend almost nothing, does not
by itself prove anything. It is possible, for example, that the Japanese firms are
merely wasting money (as some US construction company officials have
suggested), or that the nature of the construction business in Japan is so different
from the United States that comparisons are meaningless. On the other hand, the
potential significance of the heavy investment in R&D by Japanese firms in
comparison to their US counterparts cannot be ignored."
ENR international contractor market data indicate that from 1982 to 1992 Japanese
contractors have increased their share of the international construction market from 7.6
percent to 8.4 percent. Their international design contract share over the same period
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however has fallen from 3.0 percent to 2.5 percent. Obviously, in this dynamic context
one cannot attribute these changes to a single factor, but one might consider these results
and raise legitimate questions about the effectiveness of their large R&D investments.
One might hypothesize that, as a group, the Japanese have not invested strategically for
the international market; that is, that the technologies in which they have invested may not
have been optimal for winning business outside their own country. Consider their
investing patterns in the types of expertise they have developed. A review of the JTEC
(1991) report on Japanese construction technology suggests that special factors may drive
their construction R&D investment strategy, for example, their unusual housing needs, the
special demands of the seismic threat to their country, and construction support of their
designated strategic industrial base (semiconductor technology for instance).
4.3.3 Technology as competitive advantage
Despite the experience of the Japanese, there is ample evidence that competitiveness in the
international market can be improved by adding differentiated technological capability.
Many ofthe papers reviewed cite examples of construction companies winning significant
projects because of one or two unique capabilities. For example, the Kellog 'Company of
Texas appears to have a competitive advantage in the construction ofLNG and petroleum
facilities in part because of their lorig history of innovation. The following table shows
.representative samples of specialization that have led to significant wins for these
compames.
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T:lble 3 Firm Specialty Examples
Firm
Kellogg
Origin Project
US LNG plant
Country Technology
Thailand Gas plant construction
Shimuzu Japan IBM Semiconductor us Low vibration structure,
clean room
Holzmann- Germany Sunken-tube tunnel
Jones
US
USOhbayashi Japan
Holzmann- US
Jones
San Francisco sewer
tunnel project
High-rise building
Wet soil tunneling: reduced
costs by using earth
pressure balance shield
Inexpensive underwater
tunnel construction
Germany Construction methods
unfamiliar to German
compames
I~
In all cases the critical technology is in the product or process of construction of the
project itself, not in support technologies such as CAD, database, or project management.
Buildingfor Tomorrow includes several case studies demonstrating how technology has
been a decisive success factor for construction firms. Of particular concern to ,the US
industry should be the success of the Japanese construction management firm Shimizu in
winning the 1986 competition for IBM's Adyanced Semiconductor Technology Center
project, reportedly because of their commanding lead in vibration isolation and clean-room
technology, both a direct product of the rise of the Japanese semiconductor industry.
Shimizu encountered several problems over the course of this project, primarily associated
with the difficulties in their relationship with the domestic contractors selected to build the
facility. The lessons emerging from this appear to be that 1) local know-how is necessary
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for foreign firms, 2) cultural differences place foreign-local alliances at a disadvantage
",", compared to indigenous bidders because of potential misu_1derstandings and conflicting
business-conduct practices, and 3) technology, not cost, was the deciding factor in the
award of this project. The Japanese semiconductor industry market demanded
construction technology capable of building facilities to support their manufacturing
strategies. The capabilities thus developed by the Japanese construction firms led directly
to competitive advantage relative to US firms by making the newly-developed technology
available in the US market ahead of their US counterparts.
Ironically, while it is often taken on faith that technology can provide a solution to most
problems, it may not afford an advantage in some developing countries where employment
levels are deemed more important than the latest process technology or potentially lower
cost. Capital-intensive technology thus contributes no competitive advantage at all in
these cases according to Yates (1991). She observes that "many developing countries
have set goals for increasing national employment which are contrary to using technology
as a competitive advantage." Miyagiwa (1993) disputes that reasoning. Western
technology tends to be capital intensive, thus in the short term may adversely impact local
employment. However, he argues that the correct policy for these governments is to
encourage competition among technology providers to lower costs and ultimately improve
the standard of living in the host country.
A related issue is that of the foreign government that awards jobs to outsiders on the \
condition of technology transfer to the participating local contractors. In the long-term,
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the competitive advantage of the technologically more advanced contractor could be
negated without the contractor's continued development of newer technology. However,
it would seem that an aggressive innovator has a continuing advantage even after
transferring technology.
Threats to technology leadership
Viewed from an economic perspective, the construction market, due to both its cyclical
nature and the high degree of competition, is oriented toward low profit margins. Thus
there is a strong disincentive for investment in technology because of the attendant risks
that accompany technological change!!. Some of the disincentives include:
• The high externalities of construction technology. Whether in process or product,
construction technology is difficult to protect and eventually finds its way to
competitors. The innovator is faced with the limited ability to capture the benefits
of innovation because of the ease of imitation by competitbt's-.
-
• Lack of patent protection of construction technology. Construction process
technologies tend not to be patentable, and by their nature are exposed for anyone
to see.
• Risk of non-conformance to building and code standards. In products, many
standards are written around specific technology and require formula compliance.
11 Some of the information in this and the next section is taken from the Council on Competitveness study.
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and technology is a worldwide competitive product.
Seymour Baron
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1. INTRODUCTION
There are many papers and studies in the literature on the broad topics of external
technology sourcing and technology transfer, a term that some authors use to mean
transfer of technology from sources of various types external to the firm. Since this has
become a subject of relatively intense interest dating roughly from the mid-1980's, a
search of the body of literature has identified several thousand papers directly addressing
the subject, or making reference to it. The papers cover a spectrum of issues associated
with technology sourcing, focusing on these general issues:
• The search process including the tactics of identifying technology suitable for a
given firm;
• The adoption of external technology process;
• Organizational and human factors concerning the search for and ~doption of
external technology;
• Economic effects on the firm that adopts external technology.
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What do we mean by technology? Within the context of this paper, technology may take
four principal forms:
• Information -- words, pictures, blueprints, etc.
• Capability -- the ability to apply knowledge to a problem.
• Process -- a way to do something.
• Product -- an embodiment of knowledge within an entity.
Each of these may be developed or acquired. This paper concerns itself with the latter
approach,
Radnor (1991) and other authors view technology sourcing along a continuum of
integration of acquiring entity, ranging from the level of the firm through the level of
national acquisitions. The scope of this paper is limited to technology sourcing within the
context of the firm.
1.1 The Technology Imperative
Hoeg (1990) effectively summarizes the situation facing many US companies today as a
result of downsizing to become "lean and mean": "Servicing the debt of restructuring
takes precedence over long-term investment. Maximizing cash flows means a shorter
horizon for development, a risk-averse mind set, and a narrowed technological capability
to match the 'refocused' surviving business." Restructuring has weakened our ability to
respond to the demands of new process and product technology by narrowing the
resource base ofthe surviving company. He suggests that companies have to get better at
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evaluating, acquiring, and implementing technology from external sources, and to make
this part of the integrated business technology strategy. Consultants, R&D contractors,
suppliers, and specialty companies in temporary or semi-permanent roles will form an
important part of new style technology development teams as a result of the pressures
brought on by downsizing.
Edwin Mansfield (1988) underscores the importance of developing all avenues to
technological progress in American industry by showing that the Japanese in particular
have made effective use of externally-sourced technology. His research showed that the
Japanese not only develop new products and processes faster than Americans, but they
~
spend less doing it. They enjoy their greatest advantages in time (25 percent less) and cost
(50 percent less) when they employ externally-sourced technology. Time and cost to
commercialization show similar advantages. "These results are important because they
put the Japanese challenge to American technological leadership into better perspective.
A large part of America's problem in this regard seems to be due to its apparent inability
to match Japan as a quick and effective user of external technology."
. The Japanese firms' history of superiority in research and development in construction,
coupled with the traditional openness of American technology sources occasions another
,
reason for concern about the long-term prospects of the competitive posture of the
American construction industry. Mansfield adds that the Japanese firms invest much more
in technology monitoring than American firms do. There is no doubt that the construction
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industry, with its acknowledged lag in internal technology development, has reason to be
concerned about Japanese potential competitive advantage,
1.2 Role of External Technology Sourcing
Mock et aL (I 993) and Cutler (1991) advance a variety of reasons for sourcing
technology externally:
• Risk moderation -- The purchasing firm reduces many of the risks inherent in
innovation by buying a high-risk technology after someone else has developed it.
o Cost reduction -- Even in low-risk programs, there is a significant probability that
a license to use a new technology will cost less than development of that
technology,
o Time reduction -- Purchasing working technology eliminates the time to develop a
solution to a problem internally,
o Performance enhancement -- of a new product or manufacturing process,
• Capability extension -- Inability of internal R&D to perform a task or project,
including an R&D overload or ma~agement's lack of confidence in the capab~ty
of its internal R&D may be circumvented by an appropriate acquisition, Recently,
software development has created demands of this type,
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Radnor (1991) adds to this
• Less duplication of effort -- Because of the worldwide buildup in technology of all
types, technological building blocks, as he terms them, might be found somewhere.
There's no point in reinventing the wheel.
• Expand industry boundaries -- Extending the scope of products and serviCes of an
industry (this is particularly true of construction) and the blurring of the lines of
distinction between industries, make in-house development of everything one firm
needs increasingly difficult.
• Lowered acquisition costs -- Increased competition between sources of technology
tends to drive down acquisition costs.
Aside from the likely uses 'of acquired technology in a firm's products or processes, there
are a number of not-so-obvious applications including testing and measurement, speeding
development of products or processes, confirming feasibility of research, expanding a
firm's capabilities in design, marketing, or quality, and extending the market for other
proposed processes or products. (Mock 1993) Radnor (1991) observes that any ofthese
can be thought of in a defensive or offensive sense; that is, a firm may use a technology
acquisition to push (offensively) the envelope of its products and services, and in turn
create a competitive advantage, or (defensively) use an acquisition to reduce the.
competitive advantage of a competitor.
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1.3 Literature
As one might expect, the types of literature represented here range from the brief to the
lengthy, and from anecdotal to moderately elaborate studies. This review will concentrate
on describing a representative sample of the literature available, since many of the themes
tend to recur. We will also highlight some of the special considerations, problems, and
opportunities involved in sourcing technology from US Government sources. It is
noteworthy that the number ofworks on the narrow topic of technology transfer in the
construction industry can be counted on one hand, and seem to have stemmed from the
period in the mid 1980s when the construction industry (and its approach to technology)
,
was receiving a high level of attention1.. Most of the available work on technology transfer
or external technology sourcing centers on "high-tech" manufacturing firms. The work on
construction technology centers on the process and problems of innovations within the
industry itself, without concern directed toward external sources of innovation. The
. intersection of these two topics is virtually nil.
Finally, Moving R&D to the Marketplace (1993) by Mock, Kenkeremath, and Janis is a
particularly thorough and comprehensive work on all aspects of technology .sourcing and
transfer with a strong emphasis on sourcing technology from the Federal government. A
1 This period marked the low point of almost a decade of declining sales of US international construction
firms. The high level of importance of the industry, together with the decline precipitated a great deal of
activity in identifying, examining, and proposing changes in many competitiveness-related issues..
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great deal of the material in it has specific applicability to external technology sourcing,
and it is cited frequently in this review.
2. OPPORTUNITIES AND PREREQUISITES
2.1 Organizational Prerequisites
Several authors explore the infrastructure necessary within a firm for a successful external
technology sourcing effort Bob Walsh, a full-time technology scout at Hercules
Incorporated, sums it up: "If you don't have a strong technical organization, then you
have no way of knowing the value of anything anyone is showing you." (Dougherty
1989) Cutler (1991) adds, "R&D managers .. fail to consider .. 'How do I identify
sources of technology external to the firm that are available to me and how do I go about
acquiring and implementing technology from those sources?''' The implication of these
t\\'o ideas is clear: a firm that wants to take maximum advantage of all possible sources of
technology, both internally and externally, needs first a strong foundation in internal
technological resources. The sourcing firm must be both able to assess the value of ideas,
and be willing to recognize that worthwhile developments may originate outside their
walls. Assessment of the commercial potential of a technology in the early stages of
adoption is difficult, and requires cooperation across organizational boundaries. (Chatterji
& Manuel) Tatum (1989b) stresses the importance of technically competent managers in
construction because of the unique constraints (technological conservatism, liability issues,
and the wide variety of product standards, for example) present.
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Other key characteristics found in successful importers of technology are management
patience, flexibility, and creativity. Rigidity in approach has been proven to be
disadvantageous in successful sourcing efforts. The above attributes also assist in
harmonizing the efforts of the internal R&D staffwith the activities of importing
technology. A disposition toward teamwork in key internal functional areas beginning in
the early stages of acquisition leads to increased probability of success. (Chatterji and
Manuel)
A good overview of the tasks comprising the process of technology sourcing is given in
Sen and Rubenstein's "An Exploration ofFactors Affecting the Integration ofIn- House
R&D with External Technology." With its concentration on the R&D interaction with
external technology sourcing, they present sixteen hypotheses citing inter-organizational,
intra-organizational, technology, environmental, personal, and economic/financial factors.
Presupposing the "market pull" model of technology acquisition, this paper summarizes
many of the issues involved in harmonizing external technology with an internal R&D
operation. It cites 10 stages (from Kohler et al.) in acquiring technology:
1. Develop awareness ofneed
2. Focus on need and develop evaluation criteria
3. Evaluate alternatives
4. Make (internal) or buy (source externally)
5. Negotiate the acquisition
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6. Receive the technology
7. Install the technology
8. Startup
9. Improve
10. Retool and redesign to insure against obsolescence
The study tested the 16 hypotheses in each of the ten stages in 31 cases. The hypotheses
centered on the sourcing firm's R&D function and included characteristics such as: degree
of R&D's external contact, influence of R&D in the firm, level of confidence in R&D by
non-R&D groups, perceived adequacy ofR&D's capabilities, similar prior work in R&D,
nature of its capabilities, and salesman-like characteristics of the R&D manager, that
should have positive effects on the degree of involvement ofR&D in a technology
sourcing effort. There were several factors that reduced level of the firm's internal R&D
organization involvement, including maturity of the acquired technology, greater
availability of the technology, and greater legal restrictions on R&D.
Their conclusions indicate that R&D involvement improves the probability of success of
the process of adopting external technology in all but a few of the ten stages, leading one
to draw the inference that a strong R&D presence is an important factor in a successful
sourcing effort.
Construction industry
R&D in the construction industry
The construction industry faces a unique array of problems in developing or acquiring
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technology There is nearly unanimous agreement among observers that the construction
industry, broadly viewed, is well below the average of all industrie-s in all aspects of
research and development. However, one must exercise some care in such a
generalization because the structure of the industry is composed of a variety of elements,
including architecture, engineering, contractors, and construction managers. Each of these
elements has its own perspective on valuing, developing, and implementing technology.
Risk (and liability), competition, cost, and demand aU factor into the acquired
characteristics of the technological makeup of the industry.
An attempt to rationalize the technology sourcing model has to consider the level of R&D
capability in each industry segment. The probability of the operation of the puU model
(see section 3. 1) approaches zero in those segments of the industry that have no R&D
capability. Model applicability wiU vary as weU with product or process technology,
depending again on industry segment.
Construction differs from manufacturing
Tatum (1989b) differentiates the construction process from manufacturing in the 'context
of innovation:
• Absence of automation and mass production
• Level of involvement of buyers in design and production is much greater in
. ,
construction
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• Complexity and degree of risk are much higher in construction, creating a need for
involvement of specialized professionals
• The design function in construction is more separated from production in
construction than in manufacturing
• Public safety discourages trial and error methods, believed to be commonly used in
manufacturing.
Tatum (1984) lists conditions conducive to innovation in construction beyond those
frequently cited for success in manufacturing innovation. Many of these apply as well to
favoring introduction of external technology, including
• Technical or schedule requirements challenge current technology
..
• An influential and active champion
• Willingness of project planners to evaluate and trade off effects of new technology
o Willingness of architect, engineer, and project team to evaluate and incorporate
changes to specifications and drawings
• Interdisciplinary coordination for problem resolution
• Significant management attention
Owner's demands sometimes result in conditions which are beyond the ability ofpresent
technology, in structure, site, budget, or schedule, forcing a search for alternative
technology.
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The construction industry stands apart from other industries in its dependence on an
unusually wide variety of technologies -- because of the unusual variety of structures,
facilities, and environments with which the industry is expected to contend. Consider, for
example, the rigors of construction above the Arctic Circle (Black et al. 1993) involving
extremely low temperature operations, contrasted with the rigors experienced in a Middle
Eastern desert. The industry also is unusual in that not only does it design and engineer
plants and structures, it often has to provide for the housing and logistics of its workforce
in inhospitable climates or on unique projects (the enormous Kuwait oil field fire control
operation managed by Bechtel for example).
2.2 Human Factors
Cutler (1991) discusses at some length the human aspects of technology transfer:
"Technology transfer is a continuous complex process of human interactions -- ideas
travel best in the minds of people." The IRI Advanced Study Groups have summarized
(v-
the keys to successful technology sourcing, he writes, as:
• Credibility -- the source must be credible so that potential acquirers consider the
technology seriously.
• Champions -- the technology will require support throughout the organization
from identification through marketing. Heilmeier (1993) makes this observation
about the importance of champions and persistence: "History seems to indicate
that breakthroughs are usually the result of a small group of capable people
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fending otT a larger group of equally capable people with a stake in the status
quo."
• Communication -- internally, within the R&D organization, and externally with
sources and customers.
Mock et al. (1993) concur in these characteristics in the context of sourcing from
government labs, pointing out that technology developers and potential users may lack the
special skills required to facilitate the technical and legal interface between sources and
users. Ezzat et al. (1989) describe a program at General Motors that trains recently
graduated engineers in the corporate research labs on a particular technology of interest to
\
a GM division, and then relocates the engineer to the division to transfer the expertise.
The stated purpose of this approach is that drawings and specifications alone are
insuffic~ent to accomplish the transfer of the technology effectively. The hands-on
experience of engineering personnel is an asset of sufficient value to justify the expense of
the training program and related costs. Echoing Cutler's (1991) sentiment above, they
assert that the most expedient way to transfer "capability" is the physical transfer of
personnel.
2.3 Other Contributors to Success
Most authors describing the external sourcing process identify several properties common
to all successful efforts:
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Market driven -- despite the emphasis the federal government has put on technology
transfer from federal labs, success stories of the "technology in search of a problem"
appear to be few. One reason for this might be that the labs are encouraged to transfer the
technology ifsomeone asks, but they have few provisions for seeking out likely
applications. The incentives in a market-driven search are very different from those in the
technology-driven search, that is, the customer is willing in the former and has to be
convinced in the latter. Section 3.1 discusses these factors in more detail.
Influential champions -- The technology has to have champions. Commonly, authors
identify several champions, usually in functional areas similar to Marketing (to create and
sustain customer-side demand), R&D (to manage the technical issues), and Executive (to
remove barriers and provide funding). The absence of anyone of the three poses a threat
to success.
2.4 Opportunities in Construction
2Like any other industry, the construction industry has opportunities to apply technology
to many phases of the business. The opportunities vary depending on the role of a
particular firm within the industry, namely architecture, engineering, management, or
contracting. Adding to the complexity of the issue particularly in the US, there are forces
at work that affect the willingness of a firm to adopt changes in technology, especially in
2Much of the unattributed information in this section originated in the author's private interviews with
representatives of several industry firms.
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the constructed product. These forces include responsibility (liability) for performance of
the structure, thin profit margins, tight schedules, level of owner's interest in new
technology, and financial constraints. They act in different ways on the four types of
firms, and whether the candidate technology affects product or process. Because of the
reluctance of firms in construction to incur liability for changes in design or materials used
in structure, technology in this area progresses very slowly. Further, due to the
hierarchical design process, the architect must approve changes in structure and
incorporate them into the project drawings, usually with no additional compensation.
,
Process technology, largely free of liability considerations and outside approval processes,
progresses much more rapidly.
Suppliers of materials, equipment, or components to the construction industry appear.to
be an important source oftechnoLQgical change (Tatum 1986). Technology in equipment
has progressed steadily: laser-guided earthmoving equipment is a good example of
outside technology that has made a measurable impact on construction productivity and
quality. Advanced technolbgy in HVAC has led to improved energy management in
buildings. In this case, computer-based control systems have made this possible.
.Materials suppliers have not fared as well; opportunities to use new materials sometimes
meet with the same reluctance to change that inhibits more rapid progress in structure
technology. Uncertainty over potential market may tend to inhibit the rate of innovation
by suppliers.
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Capital investment and sunk cost in construction is relatively low and thus presents little or
no barrier to adopting new technology Large advancements, according to Tatum (1986),
may be achieved from small incremental investments. However, the cyclical nature of the
industry dampens willingness to invest.
Finally, client/owner interest (and budget) playa role in new technology (Tatum 1986). A
large customer that is willing to invest in something unusual can force new technology into
both product and process. Firm size may be a factor here as well, because the probability
of encountering an innovative and financially strong customer increases with cost/size of
the product (Tatum 1986).
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Here is a summary of the salient points
Table 1 Technology Forces
Type of Type of Forces Examples
firm technology
Architects Product Liability Unusual building design or materials
Standards Usually specify a particular method, formulation,
composition, or process instead of a performance
level. Changes to standards are very difficult and
time consuming.
Process Cost reduction CAD/CAE
Engineers Product Liability Precast concrete
Cost of design Architect must approve and incorporate changes
change
Process Cost reduction CAD/CAE
Contractors Product none Must build to drawings
Process Time Project management, best practices databases, site
communications technology
Cost Computer assisted machinery, best practices
databases
SafetyfLiability Excavation techniques and technology, best
practices databases
Union work Application of new technology may require
restrictions collective bargaining. (Tatum 1987)
Construction Product none Must build to drawings, changes for improved
Managers cost/schedule must be approved and incorporated
by architect and engineers.
Process Time Project management technology, databases
Disincentives to innovation
Tatum (1989a) dwells on the subject of risk in construction innovation. He proposes five
identifiable categories of risk: 1) "newness" - not meeting the technical requirements for
performance, 2) commercial risk stemming from failure to meet contractual requirements,
3) safety to personnel and equipment, 4) risk oflabar unwillingness to accept new
technology, and 5) regulatory or specification barriers to the technology. The paper does
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not propose any methodology to mitigate any of the five, citing only two examples of how
innovative (external in one case) technology decreased financial risk.
Dresselhuys (1988) discusses the reluctance of those agencies entrusted with the public
infrastructure to support innovative technology. 3 The EPA in 1975 announced a
"Program Guidance Memorandum" that, to quote Dresselhuys, told the industry, '''Don't
bother with anything new because, except in very narrow circumstances, we won't buy it
if you are the only supplier of your new idea.' On that day R&D came to a grinding halt."
Despite subsequent relaxation of some of the more restrictive provisions, the industry has
not fully recovered. "In addition to stamping out innovation in this country, it greatly
hampered building up the secondary benefits of being able to export what was developed
in our home market." He argues that availability of product or services from a single
source should not be a barrier to the source's selection.
In addition, the water-treatment segment of the industry is subject to an unusual level of
government inv~lvement, often with political overtones, that serves to suppress the
incentive to innovate. Because regulatory agencies, municipalities, and consultants are
tightly intertwined in this industry segment, innovation necessitates a joint effort,
sometimes accompanied by technical or political risk. As a result, firms in the industry
face a poor risk-reward tradeoff, and the rate of innovation suffers, despite programs like
the EPA's Innovative & Alternative R&D Technology Program.
3In this case water treatment plant specification and construction are involved.
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3. THE SEARCH PROCESS
Technology worthy of consideration for acquisition is not necessarily obvious or easy to
find. Technology searchers employ a number of techniques ranging in degree of
involvement on the part of the searcher. In the simplest and least-involved model of
searching, one engages in "scanning" that, according to Sheen (1992) consists of:
Table 2 Technology Identification Practices
Functional scanning solitary, keeping up to date, semi-regular, usually
restricted to readily-available materials, literature
searches
Informal scanning solitary, curiosity driven, browsing, leisure activity,
popular scientific press, informal discussion with
technical contacts, attending shows and conferences
Formal search may involve others, ad hoc, time constrained reactive
or prospective, involves widest variety of sources,
literature searches
As the degree of involvement increases, the searcher's activity becomes more focused on
the specifics of the required technology. The searcher becomes either a proto-purchasing
agent or technology sales person, depending on how the searcher is contractually
connected to the potential buyer. Sheen observes that searching, particularly as it
becomes more formalized, presents a challenge to many [searchers] as it may involve
journals in other languages or fields outside the area of one's expertise. In an
investigation that touched on the search process, she found that many technologists
expressed concern that managers would view functional or informal scanning to be an
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unproductive use of company time, despite the findings that it frequently stimulated new
ideas and different approaches to old problems. She also found that some recent advances
in library data search and retrieval technology may be misused by inexperienced searchers.
For example, would a searcher whose experience was confined to automated search
technology have an opportunity to develop the intuitive 'feel' for whether a given search,
particularly those using keywords, turns up enough of the right information?
Sheen also points out a relatively recently developed concern about the quality of the
material published in journals i.e., that proprietary interests and a rush to publish may
result in less useful, less detailed, and less truthful material.
Two broad models uniting sources and potential consumers of suitable technology seem to
predominate.
3.1 Push and Pull.
The technology sourcing process works by two different mechanisms: technology.push r
and market pull. Most authors have concerned themselves with the market pull
mechanism in which firms identify a specific need and a searcher attempts to locate a
solution that addresses that need. This mechanism tends to be more deterministic since
defined need is the driving force. Technology push, the well known "solution in search of
a problem, II is less'certain and requires a different kind of intermediation. Meyers et al.
conducted studies of innovation and concluded that the market pull model predominates
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successful innovations, but Holt (1983) disagrees in part citing evidence that radically new
technology can create its own market.
Mock et al. (1993) continue: "In recent years, a reconciliation between the 'market pull'
and 'technology push' theories of technological dynamics has been attempted by some
experts." They propose an essentially biological model organized around the concept of a
"selection environment", in which the path of innovation is determined partly on the basis
of technological tradition, partly by essentially "Darwinian;' market forces, and partly by
other non-market forces, i.e., government regulation. Like biological organisms,
industries have "genes," or institutional routines to help them respond and adapt to a
changing world. Functional techn~logy transfer mechanisms are a vital subset of the
routines used by successful industries in perpetuating their existence. Paulson (1985)
contends that the "Push" mechanism is stronger than normal in construction, using
examples from aerospace sources to make his point. Advantages of the technology were
sufficiently clear and well defined that they effectively pushed their way into the industry.
Responsibility for successful adoption falls on the innovating or adopting parties according
to whether push or pull mechanisms respectively are at work. "Push" and "pull" remain in
the lexicon as valuable concepts to direct efforts at the practitioner level.
3.2 Internal Searchers
The most common approach to identifYing appropriate technology is by either implicitly or
explicitly using employees as scouts. The implicit searching is typified by statements of
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the sort, "Looking out for technology is part of everyone's job" While this undoubtedly
will sometimes lead to success, most authors (Wolff 1992, Dougherty 1989) that address
this subject minimize the effectiveness of this approach. A good example of this in the
construction field is a frequently quoted anecdote regarding the construction company
owner who issued a standing order that his field supervisors were to "buy any new tool
that looked interesting, even if you see no current application." (Tatum 1986) Slightly
more effective is the explicit approach in which one or more employees are charged with
the technology search. Several authors (Wolff 1992, Dougherty 1989, Sen 1993, Chatterji
1990) point out problems inherent in this as well, however:
• The technology searcher/finder must also be prepared to "sell" the technology
internally, often to a less-than-willing recipient. This is thought to be a social or
turf problem in many situations.
• Employees usually have other things to do, so the search, if not well formalized as
part of the employee's job, is often relegated to the time available, and often to the
detriment of the thoroughness of the search activity.
• Employees have vested interests that may influence their search activity,
particularly if the "Not Invented Here" syndrome prevails.
• Employees may not have the geographic range for effective searching, especially
when searching is considered a part of everyone's job, but even when it is defined
as a part of only a few employee's jobs.
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• Part-time employee searchers may not have the necessary negotiation and legal
skills to follow a search through acquisition
Advantages of internal employee searchers include
• Employees can be expected to have the best possible "feel" for what is needed to
solve immediate problems, though this could.be the source of an additional
difficulty in that employees may be less able to think outside the firm's norms as
easily as an outsider.
o Employee-discovered technology may be easier to "sell" internally. Usually the
employee searcher is a member of the R&D staff of the firm, and thus has one less
barrier to overcome in the selling process.
3.3 The Search Specialists
Dougherty (1989) and Wolff (1992) provide insight into the role of outside agents in
technology identification and acquisition. Common to both examples cited in the two
articles are contract search specialists with backgrounds in technology. Both technology
sourcing specialists see their role in similar terms. The specialist first has to understand
the needs of the potential customer, and then locate technology meeting those needs.
Once having found suitable technology, the specialist becomes a salesperson for the
\
technology source. The implication in both articles is that the prospective purchaser of the
technology sometimes has a threshold of resistance to the acquisition.
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The subject ofWolffs article goes further into c1assif)rin{technology discoveries into a
three level hierarchy of fIt, ranging from those interesting-but-off.-the-beaten-path ideas,
those classified as alternative to present technolngy, and those filling an explicit need. For
each of the three types of fit, the approach to "selling" the technology to the client
company varies, as does the potential for breakthrough. The off-the-beaten-path types
tend to be those technologies that lead to breakthrough thinking and revolutionary rather
than evolutionary solutions, while on the other hand the search in response to a specific
requirement merely satisfies that requirement if successfuL
A second common element, and a recurring theme in many other papers is the linkage
between the technology sourcing specialist and internal R&D. Clearly most authors view
the technology sourcing specialist as an eXlension ofexisling R&D departments, rather
than an alternative to all R&D department. The implication of this has direct bearing on
the construction industry, where it is widely recognized that presence of internal R&D is
the exception rather than the rule. Tatum (1987) argues that outside search firms,
particularly in combination with a construction firm disposed toward innovation, are an
effective means of transferring technology to the construction industry.
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3.4 Other Search Options
Resources
The Federal government, a few private trade organizations, and many state agencies
provide materials and resources to assist in technology transfer. Some of the more well
known are:
• Federal Laboratory Consortium
• Association for Federal Technology Transfer Executives,
• Licensing Executives Society,
• Technology Transfer Society,
• Headquarters Technology Utilization o.ffices,
• Office ofPersonnel Management,
• Oak Ridge Institute for Science Education, and
• National Technology Transfer Center.
Two states' approaches
Minnesota, a Pull Example
1. Baron (1992) describes a novel technology search and transfer program initiated in
Minnesota in which small companies seeking solutions to technological problems are
connected through a technology/consultant database to expert help. Though this program
is intended to provide answers only to specific problems, it has been remarkably successful
in transferring technology at low cost to firms that need it.
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To use the service, a subscribing firm calls a central office and discusses the problem in
general terms with one of the service's generalists The generalist then selects an
appropriate consultant, selected from several thousand available, and gives the
consultant's contact information directly to the subscribing firm. In 85% of the cases, the
issue is resolved within two half-hour telephone calls. Overall the program has been rated
as excellent by 90% of a sample of clients, and 97% of the sample rated the service
moderately or extremely valuable.
Alabama, a Push Example
Ziemke and Schorer (1992) conducted a pilot technology transfer project and study for
the second-largest industry in Alabama, apparel manufacturing4 The purpose of the
project was to provide small manufacturers some of the technology and, expertise available
in the state's universities. Despite the difficulties faced in establishing credibility and trust,
the project was ultimately successful. Technologies transferred included modular
manufacturing, benchmarking, computer simulation of manufacturing, and advanced
quality assurance tools.
The investigators summarized the lessons learned in a few points; an excerpt:
• The process of transfer can be slow, patience is required.
4The parallels between this industry and small construction contractors are surprising. Level of
technology, fiml size, intra-industry communication, membership in trade associations, and competitive
environment are quite similar. The project was funded by the Alabama Department of Economic Affairs,
Alabama Industrial Development Training, and the NASA Marshall Space Flight Center.
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• Demonstration is a highly effective communication tool for initiating a transfer
project
• The team performing the transfer must have a high degree of technical competence
to establish credibility.
• Articles describing successful transfer projects published in trade journals (not
academic journals) builds credibility.
• Frequent communication is essential; face-to-face communication is best.
3.5 Technology Sources
Government sources
The United States taxpayers funded over 600 Federal laboratories employing over 15
percent of US science and engineering professionals, at an annual rate of $20 billion in the
early 1990's. (Cutler 1991) The Technology Transfer Act of 1986 requires most national
laboratories to maintain a function, often calIed "Office of Research and Technology
Assistance", dedicated to facilitating transfer of federal technology to the private sector.
The rationale behind the act included:
• Technology developed for specific government purposes, some components of
space systems, for example, may have use elsewhere and may contribute to the
economic strength of the country if applied properly.
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• A central clearing house is best suited to matching needs with sources Often the
potential users are unaware of technology that may be available to address their
needs.
• Without government involvement search, evaluation, and transfer efforts may be
duplicated and thus operate at reduced efficiency.
• Translation between users focused on today's market, and inventors focused on
the next project is better achieved by a dedicated function.
• Inability of the technology source to capitalize on the invention limits the external
economic benefits. Government labs in particular are not well equipped for
commercialization of inventions.
• To assist potential users in limiting the risk of applying new technology.
Technology transfers from the US government by two principal mechanisms, differing in
the role the developing agency plays. One mechanism, "DoD type", spins off technology
as a by product of the mission of the agency. That is, the DoD, for example, will fulfill its
primary mission whether or not any outside entity makes use of work performed by the
department. In the other case, "Department of Energy type", one of the agency's missions
is to develop and diffuse technology to end usefS. Therefore, if the DoE is unsuccessful in
making technology available and useful to users in the private sector, it will have failed to
perform one of its missions. This fundamental difference in goals will affect the manner in
which firms seeking to source technology from government sources approach and receive
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information from the agency and the eventual success rate of those firms (Mock et al.
1993)
Laws and Executive Orders
The Morrill Act of 1862 was the first major law dealing substantively and explicitly with
Federal technology transfer in creating the Department of Agriculture and Land Grant
Colleges. This act specifically charged the department with developing and diffusing
useful information on subjects connected with agriculture. Since then, eleven laws have
come into effect codifYing various aspects of technology transfer from the Federal
government. Some of the high points of these laws include establishment of
Manufacturing Technology Centers, expanding the role of the NIST to include technology
transfer, and broadly formalizing, as a mission of all Federal labs, transfer of technology to
the private sector, including formal performance appraisal. (Mock et al. 1993) These
policies provide the potential technology users enormous resources on which to draw.
Problems with Government - Industry Collaboration
Seymour Baron, (1990) however, indicts the government's performance in technology
transfer, claiming the greatest financial benefits so far have accrued to the organizers of
conferences on "Technology Transfer" and "Competitiveness". As a key figure in
technology transfer in a prominent national laboratory, he expresses disappointment at the
halfhearted efforts at transferring technology on both the supply and consuming sides.
Acknowledging the shift in job performance criteria to emphasize transfer and increases in
awareness, he lays blame on the deep cultural differences between government priorities
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and industry needs. The fundamental difference is basic scientific research versus the need
to bring a product to market and make a profit. A complex web of restrictive regulations
on acceptable industrial projects exacerbates the difllculty. For example, many of the
national laboratories offer facilities and consulting to industry at very low cost, if the
government services do not compete with an equivalent commercial service. Trying to
determine if a highly technical facility or service does or does not compete against a
commercial equivalent is virtually impossible, especially since some firms make claims for
capabilities they may not really have.
Baron cites two critical issues requiring resolution before the government - industry
relationship can become more productive:
• Government concern about the apparent conflict of interest in encouraging
taxpayer-financed scientists to perform potentially very valuable services for a
private firm, and the attendant concerns about intellectual property rights.
• Industry's sensitivity to sharing confidential trade-secret information .with
government research entities. The problem is compounded by the legal
arrangements often demanded by industrial clients, making the collaboration more
onerous.
Government-funded services
The National Technology Transfer Center in Wheeling, West Virginia is an example of a
quasi-government service dedicated to matching potential users with government
technology. It maintains an on-line (modem or Internet) database that provides
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rudimentary search capabilities for interested parties. In addition, it employs specialists
that will take on search assignments at no charge to the requester
University labs
Cutler (1991) describes an extensive program at Digital Equipment Corporation that
couples university labs with their own R&D function. The External Research Program
(ERP) has assisted Digital in a number ofadvanced technologies including networking,
distributed computing, workstations, and artificial inteUigence. ERP strives to build long-
term relationships between university researchers and Digital's technical staff In 1991
ERP was sponsoring 240 projects at 100 universities. Benefits extend to aU parties.
Digital leverages its internal resources in speed and capacity while providing students and
faculty resources to conduct leading edge investigations. In addition, the program
provides a supply of experienced new employees for DigitaL The company imposes four
criteria for project sponsorship:
• The research must flU a strategic need at Digital,
• Digital's support must be used to leverage support from other sources,
• The project must offer the possibility of a long-term relationship between principal
investigator, the institution, and Digital, and,
o The researchers must have a substantial track record.
Digital has formalized several means of bilateral project communication, including
seminars, roundtable discussions, electronic bulletin boards, and articles in the Digital
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Technical Journal. Accomplishments of the ERP have been significant and include the X-
Window system.
Cutler (1991) describes two other ongoing industry-university-government partnerships at
Purdue and Iowa State that have resulted in successful commercialized technology for
their sponsors. R&D executive respondents to Chatterji and Manuel's (1993) survey on
----./
external technology sourcing ranked universities favorably as sources of potentially useful
technology, but emphasized the pull model of transfer targeting specific professors in lieu
-
of industry liaison offices.
University-based construction industry facilities
There are many other examples in the literature of university-industry cooperation,
including many in the construction industry. The University of Texas at Austin, Purdue,
Stanford, Loyola ofMaryland, and Lehigh all have significant construction industry
research facilities or research organizations.
Industry and trade groups, databases, etc.
Sources of information a searcher might employ to locate suitable technology and perhaps
assess its availability include R&D proposals and reports, patents issued, technical
databases, technical journals, trade journals, conferences, meetings, and trade shows.
(Mock et al. 1993) Others (Wolff 1992, Chatterji 1993) concur with the caveat that the
most productive searching is carefully directed, including setting the scope of the search to
include the most likely sources. Mock et al. (1993) list 40 examples of databases
containing suitable information for the sourcing specialist. Wolff's 1988 article lists a
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variety of technology resources including industry groups, directories, examples of
technology fairs, databases, and regularly scheduled scientific meetings, all aimed at
locating technology sources qverseas.
Considerations in the construction industry
Potential sources of construction technology are numerous (Tatum 1989a). Specialized
contractors and competitors, via observation of works in progress, are two good sources.
External sources to consider include the aerospace industry, manufacturers offactory
automation equipment, and suppliers of microelectronics technology. Tatum mentions
fiber optics as a potentially useful technology, but unfortunately, he does not suggest an
application.
Tatum (1989b), considers in detail external sources of technology in construction. Along
.... ,fj-
with sources already mentioned, he observes:
• Pay special attention to closely related industries, for example, glass, plastic and
steel.
• Watch developments in other countries. A more favorable climate for innovation
may permit development of ideas suitable for application in the US
• Remain current on regulatory changes.
4. STRATEGIES OF TECHNOLOGY SOURCING
Granstrand et al. (1992) conducted a study of 42 US, Japanese, and Swedish firms to
explore their strategies of acquisition and exploitation of externally-sourced technology
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along the continuum of integration of the firm as defined by Jhe contractual relationship
between the firm and its employee-constituents. Treating the technology base of the firm
as an asset, they found that, as with any asset, the technology base could be acquired
developed and e2'P~oited in various ways. The basis for discriminating among the several
means of acquiring technology is the contIfclCttJal relationship between the firm and the
source. In establishing the (conceptual employment) contract as the core contract defining
a firm, 5 the degree of integration of the firm may be established. This degree of
integration may range from low, characterized by highly specific and inflexible arms-length
agreements, to high, characterized by flexible, informal, sometimes unwritten contracts
implying a high degree of trust and integration. Boundaries of buyers and suppliers in
long-standing industrial settings blur the economic definition of the firm because ofthe
high degree of interdep,endence that may develop between them. Mapping this into
technology strategy, Granstrand ranks
• Internal R&D,
• Acquisition of innovative firms,
• Joint ventures
• Technology purchase, consisting of respectively, contract R&D and licenses, and
• Technology scanning (significant for its absence of contract)
5There is not general agreement on this point of definition of a firm. Arguments are made for ownership
of residual value of assets as defining the boundaries of a firm. The basis of Granstrand's theory requires
the contract definition, as ownership of intellectual assets cannot be clearly defined.
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in decreasing order of integration Having thus ranked the level of integration of the
alternative strategies, they are then able to assign cardinal values to the degrees of
acquisition strategy reported in the industry survey. Their results indicate external
technology acquisition as an R&D strategy has increased in importance to US, Japanese
and Swedish companies between the years 1982 and 1987 Aggregate ranking of
perceived importance of the levels of integration result in internal R&D, scanning,
licensing, joint ventures, acquisition of innovative firms, and contract R&D in decreasing
order.
Taking a different and somewhat more intuitive approach, Mock et aL (1993) go into
extensive detail regarding the strategy and mechanisms of sourcing, including variables
for:
• Complexity of technology
• Orientation -- consumer or industrial
• Technology old, new, or both new and complex
• Size of potential market
• High-tech or low-tech industry
• New or mature acquiring industry
• Small or large acquiring firm
• State of economy
• Cost of capital
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• Budget, manpower, and travel restrictions
However, these factors serve primarily to influence the nuances of conduct of the principal
linkages between source and acquirer. Chatterji and Manuel (1993) make the point that
sourcing strategy must be driven by clear strategic intent and realistic management
expectations. Furthermore, the sourcing effort must complement the existing R&D
organization because of its key role in supporting the imported technology.
An effective program of external technology sourcing will combine strategic alliances,
consortia, limited partnerships and so forth. (Hoeg 1990) Others underscore the
importance of the human element as the embodiment of the capability (Ezzat et ai. 1989)
and as the communication link between source and users, and among the user community
(Wolff 1992). Granstrand et ai. (1992) examine thoroughly the advantages and
disadvantages of several types of contractual relationships between source and user.
4.1 Licensing and Contracting
Elizabeth Dougherty (1989) in describing the activities of Ajay Rastogi, a professional
technology scout, quotes him as saying, "Licensing is the way to go." He offers several
reasons: It takes less time. Development has been done and the product exists to the
degree necessary to describe it in a license, in other words, a tangible product to buy or
sell. A license is a clear sign of accomplishment, both to the selling and buying firm. And,
finally, it enables third-party scouts to work in the interest ofboth parties to the
transaction because of its closed-end character.
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4.2 University-Industry Relationships
The relation between university research and industry differs from other potential
technology sourcing relationships because of the largely non-commercial nature of
university research and the limited options an acquiring firm may employ in transferring
the products of that research. Gerwin et al. (1992) describe experiences in technology
transfer from Canadian universities to industry that highlight these differences and
difficulties. While the basic push and pul1 modes of search apply, universities often act as
intermediaries, sometimes in paral1el with their own liaison offices.
In pul1 mode, industry normal1y identifies a particular professor who has technology of
potential use. The university facilitates the transfer and imposes certain restrictions
regarding legal liability and intel1ectual property rights. In push mode, establishing the
industry relationship is more difficult since the university is in the position of selling the,
technology. This may be an unfamiliar undertaking for some, and the results vary widely
in their degree of success. In Gerwin's study of Advanced Manufacturing Technology
transfer projects, four out of six universities realized zero or near zero revenue. The other
two achieved incomes of only several hundred thousand dollars. This contrasts
unfavorably with the costs incurred by the universities in conducting the research projects.
Intellectual property rights and faculty reward systems further complicate the relationship.
In some cases they studied, the inventor, usually a faculty member, felt insufficiently
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compensated for the invention either in royalties, or in traditional university reward terms.
This is obviously a strong disincentive to perpetuating this system of technology sourcing.
4.3 Joint Ventures
Except for spinoff firms resulting from university technology outsourcing activities, this
method of acquiring technology is mentioned only rarely in the literature. Unless the joint
venture provides some strategic value, for example in international competition where the
venture supplies local insight and contacts to a foreign firm, the difficulty and cost of this
approach appear to be disadvantageous when compared to more common modes of
technology acquisition.
One example of a successful university spinoffjoint venture was the formation of EDGE
Technologies Inc. to commercialize research in magnetic materials performed at Iowa
State University. This however, does not appear to conform closely to the concept of
external technology sourcing since its reason for existence was to develop a single product
line. (Cutler 1991)
4.4 Suppliers as Technology Source
A supplier can be a valuable source of innovation. Cutler (1991) cites an anecdote in
which PPG researchers supplied an unproven, but promising, electrocoating system to
Whirlpool for use on air conditioning compressors. Implementation brought with it a
degree of risk to Whirlpool's production rate because of a difficult and time-consuming
process change. Because of the high level of cooperation and communication between the
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researchers and engineers in the tw.o compailies, the project was more successful than had
been hoped, and found applications beyond compressor coatings.
Suppliers to the construction industry playa greater role as a source of technology than in
most other industries for reasons cited elsewhere in this document. Many of the
technological advances in buildings have come about as a result of new technology in
purchased "packages" that include such items as HVAC, windows, roof systems, and
lighting. Generally, these items are free ofthe same kinds of restrictions that make
technology changes difficult in structural systems. In addition, suppliers of equipment and
services to the industry, in seeking to achieve a competitive advantage, have marketed a
great deal of new technology for construction processes. Tatum (1987) explores the
innovation process in construction. With~n his process model, he includes a "Sources"
element, focused primarily on external sources. It is noteworthy that he assumes that the
emphasis on technology acquisition is clearly placed on suppliers. Internal development is
relegated to two sentences in his discussion.
Slaughter (1991) describes certain innovations in residential building from a slightly
different point ofview. Using the example of' stressed skin' panels, she found that the
bulk of the innovations were coming about as 'lead users' (as von Hippel described them)
applied the new materials. Therefore, even though the supplier was the source of the
innovative material, the users were the primary innovators in applying it. The conclusion
one might reach is that the source of innovation may vary with the nature and complexity
Appendix F-42
External Technology SourcitYgin the US Construction Industry Appendix F
of the technology. Or, as she points out "a de facIo design partnership exists between
manufacturers and users."
4.5 Sourcing -- When?
Radnor (1991) discusses at length the strategic implications of technology sourcing for
technology leaders as well as late entrants. He poses the dilemma of those firms that have
their core competencies in functions other than R&D facing the question of whether R&D
within the firm makes sense. The path to the answer lies in the structure of the industry,
the speed of developments, and whether the firm is willing to become a late entrant into
competition. This is especially true for technically-weak firms.
5. BARRIERS
NIH
The most frequently cited barrier to successful technology transfer is the "Not Invented
Here" syndrome, in which a firm importing an idea, technology, process, or other
invention, faces resistance from its own technical staff. (Cutler 1991, Hoeg 1990)
Communication and involvement are advanced as defenses against this counter-productive
behavior. Reward mechanisms are cited as often being at the root ofNIH, in which R&D
staff believe, rightly or wrongly, that they will be viewed as underperforming if technology
is imported instead of discovered and developed. The most useful idea is the best idea,
regardless of its source. (Hoeg 1990) Robert P. Clagett, quoted in Wolff (1987) points
out that NIH is a problem when developer and implementer are not the same organization.
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He recommends communication and cross-functional involvement to reduce the effect.
None of the authors addressing acquisition modes like licensing, where developer-
implementer involvement may be difficult to achieve, discuss the NIH problem.
Negative technology transfer
Situations will arise when an inventor or innovator deems technology 'transfer undesirable,
for example when trade secrets or economically-valuable innovations are at risk. Mock et
al. (1993) call this effect "Negative Technology Transfer". Federal policies are being
formulated to deal specifically with undesirable transfer of security-related or economically
valuable technology to foreign industrial competitors or nations. These policies may seek
to impose limits on the detail of innovative materials, processes, or products, available in
the open literature. Disadvantages to legitimate users of the technology may occur along
with implementation of th~'policies.
Trade secrets
A patent of an invention consists of a grant of property rights to the inventor to exclude
others from making, using, or selling the invention. A license of a patent is an explicit
agreement between the patent owner and the licensee that permits the licensee certain
rights to make, use, or sell the invention. Patents may cover innovative principles of
products, processes, machines, and compositions of matter. Trade secrets by their nature
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tend to be unpatentable 6 Trade secrets embodied in the constructed product are not likely
to playa key role in construction because of the inherently open nature of the construction
process. This reduces the construction industry's level of interest in non-patented
sourceable technology. In most states, trade secrets are-legally protected from misuse,
however the process of prosecution of trade secret misappropriation is public, so the
probability of maintaining secrecy is reduced. The consequence of this is especially
unfortunate because of the limited avenues open to contractors in particular for
innovation. With no opportunity to innovate in product, contractors must turn to process
innovation to achieve competitive advantage. Unless the process invention falls within the
strict definition of patentability, or access to the innovative process can be strictly limited,
there is little incentive for initiative. (Tatum 1987, Mock et al. 1993)
Other
Inhibitors of successful technology search, adoption, and implementation, according to
Cutler (1991), include:
• Complex systems of policies, rules and regulations
• Insistence on the part of the source of the technology on "doing it his way",
despite the desires of the recipient of the technology.
6Although there are exceptions, such as the formula for Coca Cola. The advantage of a trade secret,
provided one expects to be able to maintain adequate security, is that protection is of unlimited duration,
as opposed to the seventeen-year lifetime of a patent.
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• Failure to account for and mitigate the effect on the recipient organization of
importing key technology
• Mismatch of culture or style in supplier and recipient.
• Failure of the recipient to support in time, money or personnel, the acquisition and
implementation phases.
Barriers in construction
Introduction of new technology in construction faces hurdles not often found in other
industries, including
• Standards -- construction industry standards are often based on specification of
technology instead of specification of ultimate performance. Exceptions to
standards are extremely rare, especia1ly in the conservative construction industry.
Changes to standards are difficult and time consuming to achieve.
• Project-oriented budgets -- because of the consequences of the bid process, there
are usua1ly few financial resources available for experimental technology.
Evaluation of alternatives tends to be discouraged.
• Risk aversion -- high potential liability for poor performance of any non-standard
materials or techniques.
• Lack of internal R&D -- to find, evaluate, acquire, and apply new technology
requires internal technology development and support capabilities. These are not
we1l developed in the US construction industry.
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Cushman et al. (1992) add that local regulatory bodies may view with some skepticism
technology not customarily found in a particular region, even though it may have been
used and approved elsewhere. A similar effect may be seen in the resale potential of a
structure built with 'unconventional' technology. They suggest that, as in their case study
of a large building in Los Angeles, regulatory officials be brought into the design process
as early as possible to build teamwork and to use their participation in the design process
as a way to reduce the difficulty in obtaining approvals.
6. CONCLUSION
When well performed, external technology sourcing is an important opportunity to
leverage the technological capabilities and infrastructure of a firm or a country. Firms best
positioned to succeed in applying an external technology are those having already well-
developed R&D, management, financial, and legal capabilities. Except for the spin-off
special case, external technology should be viewed as only a supplement to a firm's
existing capabilities. Ultimate success depends on successful passing of a series of tests
and hurdles that internal technology does not face. But the rewards for persistence can
prove substantiaL
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Incentives and disincentives to new technology
I. Demands for improvement in short-term cash flow lead to a shorter horizon for
development, a risk-averse mind set, and a narrowed technological capability. (Hoeg)
2. Pressures on profitability brought on by downsizing will lead to increased use of
consultants, R&D contractors, suppliers, and specialty companies in temporary or
semi-permanent roles in development teams. (Hoeg)
3. Increased use of external1y-sourced technology leads to decreased development time
and cost. (Mansfield)
4. Use of single-source selection restrictions in government procurement leads to
reduced application of new technology. (Dresselhuys)
5. Increased cooperation among architect, engineer, and contractor leads to a more
favorable climate for new technology. (Tatum)
6. Separation of the design function from the build function reduces the opportunities for
introduction of new technology. (Tatum)
7. Public safety considerations in construction lead to less opportunity for trial-and-error
methods in construction. (Tatum)
8. Increased criticality in the application of technology (for example, structure) leads to
slower adoption of new technology.
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9. Decreasing reliance on the hierarchical design process (architect:engineer:contractor)
leads to increased willingness to introduce new technology.
10, Greater capital investment needed for new technology reduces the probability that the
technology will be adopted. (Tatum)
11. Competitive bid discourages use of innovative or external technology.
Factors in preferring external technology to internal
12, Purchasing rather than developing a technology leads to reduced risks. (Mock)
o
13. Purchasing rather than developing a technology leads to reduced costs, even in
programs having low risk. (Mock)
14. Purchasing rather than developing a technology leads to reduced development time.
(Mock)
15. In construction, increased owner's demands and involvement increase the probability
of use of external technology. (Tatum)
Competitiveness
16. Positive technological change improves quality and competitiveness (Lee, G., Wright,
R)
17. Market demand influences tactical decisions in technology acquisition. (Lee, G.)
18. Increased competition among construction firms tends to reduce funds available for
research and development leading to low rates of technological change. (Tatum)
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19. ~ncreased competition among construction firms tends to reduce willingness of
construction firms to take risks associated with technological change. (Tatum)
Technology scouting
20. The skill of technology scouts influences the probability of success in locating suitable
external technology. (Catterji, et al; Wolff)
21. The chosen strategy of external technology sourcing dictates the range of management
skills required to find and implement the technology. (Granstrand et al)
22. Increasing the level of attention given to searching for technology results in increased
success of finding technology. (Wolff; Granstrand et al; Catterji et al)
23. The nature of the legal relationship between provider and acquirer affects the ability of
a third party to intermediate an acquisition. (That is, the more explicit the relationship,
licensing, for instance, the easier an intermediary can facilitate acquisition)
(Dougherty)
Technology acquisition
24. Upper management leadership and involvement leads to a higher probability of success
in technology acquisition. (Lee, G.; Serpa; Cutler; Tatum '89)
25. The degree of organizational integration dictates the strategy of external technology
sourcing. (Granstrand et al) (This has to do with the means of acquiring the
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technology, ranging from licensing, through hiring expert personnel, to joint ventures
..and acquisitions)
26. In the construction industry, performance-based standards lead to increased
acceptance of acquired or innovative technology, particularly in the international
arena. (Wright, R., Tatum)
27. The fit of technology with the firm's current requirements and tactical plans leads to
variations in the process of technology adoption. (Wolff; Lee, G.; Catterji et al)
28. Uncertain market conditions in an industry lead to reluctance of suppliers to that
industry to invest in providing technological advances to their customers. (Tatum '86)
Success factors in acquisition and transfer
29. Realistic management expectations and strategic vision improve the probability of
success of sourcing external technology. (Catterji et al)
30. The experience and longevity with the firm of employees involved in implementation
of acquired technology influences the degree of success of technology transfer
projects. (Lee, G.; Tatum '89)
31. The process of technology acquisition creates additional demands on a firm's
resources, even in areas of the firm not directly involved in the technology acquisition.
(Lee, G.)
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32. The type of perceived application of external technology governs the method of
adoption by internal technology customers, and thus the degree of success of external
technology sourcing. (Wolff)
33. The degree of credibility of the source of external technology influences the probability
of success of an external technology sourcing effort. (Cutler)
34. A firm's internal R&D organization's strength, experience, and ability to support and
complement external technology influences the degree of success of integrating
external technology. (Catterji et aI, Sen et al)
35. Patience, flexibility, and creativity in management of technology acquirers leads to an
improved degree of success. (Chatterji and Manuel)
36. Use of teamwork in key internal functional areas in the early stages of acquisition leads
to increased probabIlity of success of external technology. (Chatterji and Manuel)
37. Transferring expert personnel along with the external technology improved the degree
of success of an technology acquisition. (Ezzat et al)
38. Strong market demand for the technology (or its products) increases the degree of
success of an external technology acquisition.
39. Increased restrictions on the adoption and/or use of technology by an external supplier
reduces the probability of successful adoption and implementation.
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Factors in identifying need for innovation and/or technology
40. Increased ability to understand and analyze costs leads to increased demand for
technology when technology is perceived as offering cost reduction potential. (Tatum
'84)
41. Lack of internal R&D capability leads to decreased probability of technology "pull"
and increased probability of "push" in firms acquiring external technology.
Factors affecting the tendency of a firm to view innovation and/or technology
favorably
42. More adverse contractual relations lead to less inclination to innovate or search for
technology. (Tatum, '84)
43. More rigidity in the imposition of standards or guidelines leads to less tendency to
incorporate new technology.. (Tatum, '84)
44. Increasing degree of involvement or visibility of the owner of a constructed product
increases the amount of innovative elements ofprocess and constructed product.
(Tatum '89)
45. Financial time horizons govern the scope and nature of technology adopted (Tatum
'89)
46. Stronger internal R&D capability leads to increased interest in and ability to use
external technology.
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